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V. RELATIONSHIP AMONG EVM, BER AND SNR
From Equation 9, it is evident that EVM is essentially the
normalized error magnitude between the measured constella-
tion and the ideal constellation. For Gaussian noise model,
Equation 9 can be simpliﬁed in terms of noise in-phase
component, nI,t and quadrature component, nQ,t as
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where P0 is the power of the normalized ideal constellation
or the transmitted constellation. The numerator of Equation 10
sets up the normalized noise power. However, for T >> N,
the ratio of normalized noise power to the normalized power
of ideal constellation can be replaced by their unnormalized
quantities, i.e. the Equation 10 rewritten as
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In order to establish relationship between BER and EVM, SNR
in Equation 11 can be expressed in terms of EVM as
SNR ≈
1
EV M
2 . (12)
Combining Equations 12 and 4, we can now relate the bit error
rate directly with the error vector magnitude as follows
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VI. SIMULATIONS
Few simulations have been carried out to illustrate the
relation established in Equation 13. The bits are gray coded
and then M-ary modulated, where M = 2 for BPSK, M = 4
for 4-QAM, M = 16 for 16-QAM and M = 64 for 64-QAM.
Monte Carlo Simulation techniques are carried out using 106
packets, each with the size of 1024 bits. The channel model
used is Gaussian noise model. The normalization factors will
be equal as shown in Equation IV since 1024 >> M for any
M-ary modulation scheme. The simulation results for BPSK,
4-QAM, 16-QAM and 64-QAM are presented in ﬁgures 1, 2
and 3, respectively.
Figure 1 shows the BER versus SNR performance of
different modulation systems. Note that due to the relationship
set up between BER and EVM in Equation 13, the BER versus
EVM curve shown in Figure. 2 shows the inverse relationship
that exists between BER and EVM (with power term in log
scale shown).
In order to also establish the fact that the normalized EVM
is same for all modulation schemes, we have also carried out
another simulation as shown in Figure 3. Due to normalization,
the power levels for all different M-ary modulations are same
and hence shows a one-to-one relationship between them.
In Figure 2, we note that there is a constant 2.89dB
difference between BPSK and 4-QAM, whereas there is a
6.85dB and 6.5dB difference between 4-QAM and 16-QAM,
and 16-QAM and 64-QAM.
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Fig. 1. Stylized BER versus SNR Performance Curves
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Fig. 2. Stylized BER versus EVM Performance Curves
VII. CONCLUSIONS
Extended relationships among the bit error rate, signal to
noise ration and error vector magnitude are shown in this
paper. Due to normalization, the EVM is the same for a given
SNR, and they maintain an inverse relationships between them.
Since error vector magnitude can be directly measured from
the down converted signals using vector signal analyzers, it
can save the extra calculations that may be required to ﬁnd out
the bit error rates, which is more of a end to end comparison.
In many adaptive systems, this can also simplify the cost
function calculation greatly. However, for large streams or
packets the EVM calculation may be expensive. Effect of
410